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o need to evalugte the appropriateness of the test information. The odéls

Problem

/—

+0 be the flrst serlous attex.u)' Lo examine tfist items for b:ugzs (Eells, Dav:Ls,

Havighurst, Herrick and rI‘yler, 195]1) and developed one of the first neaSures

purported to be culture fair. Since that tJ.me, the entire: issue of cultural

b1as in measura'xent has become heated, oomplex, and pronounced in the litera-

S~

ture." I\dtlons by the Natlonal Assoclatlon 'of Black Pevchologlsts, the

i
11

American: Personnel and Guidance A:somatlon of Black Psychologlsts, the

k]

z\merican Personnel and Guidance Association, the ’latlonal qucatlon Assoc1atmn,

the National I\ssocatlon for the Advancement of Colored People, the Natlonal
Assoc:Latlon of Llementary School Prlnc:Lplas and the. Couneil of the Society
fbr the Psychologicil Study of Social éssués call"ing for moritoria on certain
types of tests, wanning tests, and reqmrmg alternative plans for testing,
mdlcate the serlous nature of the current s:Ltuatlon {see Wllllams, Mosby

and H.msen, ~1977). The concern is also apparent in recent lltlgatlon (DeFuntis
vs. OBegaard,. 1974 Diana vs. the California State Bdard of Dducatlon, 19707

Hobsen vs. Hansen, 1967). Naturally, all. this has not gone unnotmed by those

involved in the measuranent ‘fleld B:Las and deblasmg studies have oc¢curred

% P

and various models been proposed in ever-expandmg efforts to meet the chal-

" lenge of bias in educatlonal assessment.

3

One'major type of bias investigation is ‘concerned with the instrument

as a vhole and examines the 'que"stion.; Does a test unduly favor or impede

s

examinees fram different parts of the country or of different backgrounds?
. ’ -
Another is conceimed with the items within a test and asks: . Which items and

-

item formats are appropriate for a given population and which may be used
" across given cultures?

. o . - ) )
The first type of investigation is of interest to the test users who
. : / .
. R ?
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" using hypothetical and actual item response data.

p’mposed by Cleary (1968), Thorndike (1971), Darlington (1971), Cole (1973),

- .

Einhorn and Bass (1971) and Gross and Su (1975) ‘(also see the ent‘ireSpring

1976 issue of the Journal of Educational Measurement) exemplify this first type

of *mvestlgatlon. The second type of :uxvest:.gatlon 1s of interest to developers

as it assists them in developmg valld and cross—culture fair items and prov1des

a framework for constructing better tests in subsequent efforts. By identifying

and removing such items from an initial item pool, test developers could,

*" theoretically, .develop a measure free of bias. The work of Angof°f (1972) /

Cardall and Coffman (1964) ; Green and Draper (1972), Merz (1973, 1976),

Rudner (l977a), Scheuneman (1975) and Veale and Foremn (1975, 1976) (see the
&

reviews by Merz, 1977 and Rudner, 1977b) have been dlrected at this need It
is this second-type-of bias--item b;\as-which the present paper addresses. ’ o

¥ N " \ C h e

Typically, ‘thesé researchers have adopted a singlé approach and used

" that appreach excluswely in thelr work. As a result, stud.les applymg more

than one approach to a single set of data have been sparce. This situation
has led to the problem 1dent1fied by Merz (1977) and addressed by this study:
the psychametric properties of the approaches have npt been fully evaluated

The 'purpose of this study was to ‘investigate the following four approaches

\
V

to biased item identification using common sets of actual item response data:

o

1. Transformed item difficulties in which within group p-values are

-

standardized and conpared between groups (Angoff, . 1972);
2. Chi-square in which individual Ytems are investigated in terms of
between group score level differences in,expected and observed

proportions of correct responses (Scheuneman, 1975); .




. 3." Item characteristic _curve theory in which differences in the

probab:.lltles of a correct response given examinees of the same
underlymg ablhty and in different culture groups are evaluvated
(Rudner, 1977a) ; |
4., Factor score in which item bias is investig}ated m texms of loadings
on biased test factors (Mérz, 1573_) .o e '
- - The investigation addresses the following questions:
- 1. Do the select approaches provide identical classifications of items
as to their degree of aberrance when applied to item response data
. oorrespondmg to two culturally d1fferent populat:Lons‘>
This question calls for ‘a’ oanparlson of the approaches as they would ty[&pal“\
be applled in test developnent or tes/eva:luatlon studies.
’ . , 2. Do the select approaches prov1de classlflcatlons of rmnmal bias

LI L3

when agplled to: subsamples of a smgle population? .

Thzs quest:.on is smu.lar to one asked by Jensen (1973) and serves to evalu-

ate the adequacy of the various approaches. Here, an approach 1dent1fymg

The Models
< 'rransfonned Item leflcult::.es

This approach, which examines the mteractlon of item and groups,
appears to be one of-the best known. It has been advocated and used frequently
by Angoff (1972 and Ford, 1973; and Modu, 1973) and others (Green and Draper, '
1972, Jensen, 1973; H:Lcks, Donlon, and Wallmark, 1976; Str,'assberg-Rosenberg
and Donlon, 19753 Echternacht, 1975; Rudner, 1977c). )

In this method,« p-values for a group of items are obtained two:
different groups of examinees. Each ;-value is converted tofa norpal ‘deviate

and the apris of normal deviates, one pair for each item, are plotted on a

an abundarice of 1tems as biased would be suspect as being inadequate. . . .



-

«._... bivariate graph, each pair represented by a point on the qraph

The plot will generally be in the form of an ellipse. A 45 degree line,.

passing through the origin, prov1des an indication-of the .absence of bias.

. Items greatly dev:.atlng fmn this line may be regarded as exhibiting an item K

by group mteractlon. That 15, relatJ.ve to the other 1tems, deviant items-

are espec:.ally more dlfflcult for members of "one group than the other. oo

™ e -

Assuming both groups rece.wed s:.nular Anstructions, such items’ would appear to

represent different psychologlcal meam.ngs for the two groups of exammees.

, . “Smce the intent is to make comparisons of between-group:differences in

item difficulty, it is necessary to ;transff;nn the proportion passing an item

to an index of item difficulty which constitutes at least an interval scale._

This is accomplished by expressing each item.p-value in terms of within-group °.
B A et :

-« -+ deviations of a nomal curve’ (see Guilford, 1954, pp. 418-419).

*The distance 'of an item point to the line can be treated as.a measure of

3 the degree of item bias. One can determine which items are "greatlir deviating".

fmn the lme by J.nc:rpqratmg outlier or residual analysis. One method is
tc plaoe confldence lmu.ts on tne line by using a multiple of the standard

error of est:matlon. An alternate approach, adopted by Straesberg-Rosenberg

. and Donlon (1975) and Hicks, et al., (1976) mvolves camputing the standard

dev1atlon of the residuals and cla551fy1ng as biased those 1tems dev1at1ng

by greater than 1.5 standard deviation' units. " Rudner (1977c) has employed

a flxed item-regression line dlstanoe of .75 z-score units.,

" Insert Figure 1 about here

An example of the approach is shown in Figure 1. JThe transformed p-values'

have a correlation of approximately: .090, making the plot relatively long and

v v
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flat. The" solld llne represents the main axis and ‘the dotted lmes represent .
linear confldence limits. The item represented in the upper left, outside’ the o
 confidence interval, would be cnsidered biased. , |
¥ his approach to biased iteméanalirsis determines whether examinees of
the samé ability level have the same’ probability ©of a correct response régard-
less of cultural affilation.. This is‘accoanplished by dividing the tryout
: sanples into groups based on thelr observed score and comparlng the proportlons
of students within each level respondlng correctly wrth a chl—square test for
mdependent cbservations (Scheuneman, 1975 1976; Green and Draper, 1972). An
1tem is considered unb:.ased if, for all md1v1duals in the same .otal score .
mterval, the proportion of correct response is the same for both groups under .
consnieratlon. .A modified ch:.-square tést determines the probablllty that an .
. item is uan.ased by this deflnltJ.on. ' . ‘ .
> Schewneman "(1976) , ~in applying thz aippro'ach to several sets of data,
advocates using four or five total score levels based on the score distribu-
tJ.on of the smaller sanple (Green and Draper hdd used within-group quintiles).
© Item Characterlstlc Curve Theory ' I

Latent trait or itenL characteristic cur\ve (itc) theory relates the
probablllty of a correct 1tan response to a ‘function of an examlnee 'S mderlymg
ab111ty level (o ) and characten st1c (s) of the item. Wmle the varlous models
. (Lord, 1952; Rasch, 1960; Birnbaum, 1968, Urxy, 1970) d1ffer in- terms of the
nunber of item parameters considered; they all descrrbe the item parameter(s)

mdependently of the examined sanple. Full developnent of these and other -

¢

mental measurement models can be found in Hamblefon-and Cook (1977).

3 . [
-
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_This modern measurement theory has been used to identify biased items
. ’ (Green and Draper, 1972 Pme, 1976; Lord, 1977; Rudner, 1977a). In an early
study, Green and Draper (1972) had used observed total scores as estimates

of examinees' ablllt:.es, 0i's, and the proportlons of examineés responda.ng
v
' correctly at each total score level as est.unates of P(u —1]0 ). Their

procedure called' fér plotting estimates icc's for each item separatdly for "N

.. . ¢

. a 5 . * . 8 .
each culture group and comparing the plots.. | .

<

4

~ ) s« Insert Fi:gure». 2 about Here

3

.
44

. By thls and other latent tralt theory approaches, an item is mbiased’ if -
examiriees of the sa.m. ab111ty level, but of different cultural afflllatlons, ‘
have equal probabllltles of respondmg coryectly. 'I'hat is, ah 1tem is unbiased

o ., . if the estm\ated ice's obtained from the .various culture groups are 1dent1cal
As an exanple of a biased item, consider the two hypothetn.cai curves~shown in .

Figure'z. These curves are based on responses by two dlfferent culture groups

N tothesame1tem TQtal observed scoresareusedasest:mates at olandpro-

¢ i

. portlors of examinees’ respondmg correctly are, used as estimates ®f P(ug-l|01)

The curves are not identical, since the locatlon ‘parameters for the two curves ;

- are ‘;pt equal. Such an item can be considered biased* in that cfcen examinees

[}

‘of the same ability level, e.g.'Xj = 58%, but from different culture groups,

do not have similar proportions of correct responses. While this a\pproach

¥

" (
' \\1s appealmg, total observed scores are dlrectly" incorporated and quantlflcatlon

L

of the degree of item bias is difficult (an eyenallmg procedure is used to
identify a "very blased item") . )

Rather than using total observed scores as estimates of 04 and proportions
j ' as estimates for P(ug 1 |03), more accurate values can be obtamed us:.ng one of -

the recent methods of paraneterlzat.lon (Urry, l975/ﬁ1ngersky ard I.ord, 1973) .

c.
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vablllty varlance in the eutammed sanple. In order to cmpare parameters

‘aberrance for each item and eyeballing of the equated icc's is employed to pro-

14

During paxa:@terlzatlon, ‘the metrlc used for the 0 scale 1s defined’ by the . )\
obtained from two different examinee _grOwS, the obtained values must be equated )
Lord and Novick (1968, Chapter 16.11) have. shown that "this can be aecomplished 4
by computing the regressions of the parameter values based on one group of W
exammees on the parameter values based on the other group of examinees.

0 Rudner (1977a) has refined the procedure used by Green and Draper to *

identlfy biased items by incorporating equated icc parameter values. The area

, between pairs of equated icc's is used to indicate the relative amount of TS

: Y -
vide additional information as to the nature of the al/)errance. v,

Factor Score k , .

4

In factor analysis, underlying factors (i.e.;.dimensions or traits)-are _

hypothesize’d and-the correlations of each variable with the hypothesize&i factors \
are camputed. In an ach;.evement test, each 1tem 1s treated as a var:.able.
Such an analysis could be conducted twice using examinees from two different

cultural .backgrounds. Ideally, the two separate groups of examinees would :

-yield similar sets of item~trait correlations (factor loadings). Different sets

of factor loadings would indicate that the two groups are not responding to the

1tems in.the same - manner Suwch a test would be considered blased in that At

appears to measure a different tralt across groups. The 1tems exlublt.mg the c

most bias would then be those with the largest differences in factor loading. o
Merz (1973, 1976a) has suggested an approach which incorporates

factor scores and analy515 of \'rarlance. In thlS appnoach, the item responscs

for the‘c_.;roups are cdrbioed, factor analyzed, and factor scores for each exam-

inee on each factor oo;rputed. These factor scores are then subjected toan

analysis of variance, with group membership being thf independent -variable.



& » - -
c | o
g, -

Where s:Lgn:Lf:Lcant mean dlfferences are fomd in factor scores, the ﬁactor is

o class:.f:.ed &s bJ.ased BJ.ased items are*defined as those with lu.gh factor

load:mgs on a biased factor. : . : .
T . ' " METHD - .
" Item Sample . I :

The 1973 Stanford Achlevement Test, Form A, Prmary 2 Battery,

Read:mg Cauprehens:.on Subtest (saT), wl'uch, item for item is equivaient
. to the Stanford Acl'nevenent Test - Hearing Impaired Version, Level 2, Readmg

<

Ccnprehens:.on Subtest —_— fomed the item pool for use in this study.”

/ The SAT consi s of 16 pa.ragraphs with a tofal of 48 ~four-cho1ce J.tems

According to the ‘test publ:.shers, the Psychological Corpmatlon,\readmg vocab-
ulaiy is geared to primary grade levels and emphasis is placed oh compre-
hend:.ng dlsconne&ed discourse. It was antlclpated that the SAT would contain

- w

several items: blased in favor of one, of the incorporated culture group sanmples.
.Examinee’ Samples . s

$

\

Iten responses made by large sanples fmm two dlverse culture gmups
wereusedmthestudy The first culturegmupwascarposedof2637 Jents
in programs “for the hear.mg impaired across the United States. The scores on
the SAT for this group were appro:umately normally d:.strlbuted with a mean
of 21.6 and a standard dev:.at:uon of 7 42. This culture group was divided

into two sul:groups -by randomly assigning the exammees to one of two indepen-
dent groups w1th\ significantly differen (p<.Ol) mean total scores. Both

A

o~

subgroups were approximately normally éist.rlbuted " The first subgroup con~
tained 1,079 sxamiriees with a mean of 23. 7 and standard deviation of 7.43.

The second subgroup contamed 1,030 exam:.nees w:.th-a mean of 20.9 andfa
standard deviation of 6. 97 Smce the examinees were from the same culture

\
group, ‘the expected, degree of aberrance for each J.tem was zero, That is,

[V ]

: . ' I &}\\

~




the approaches were expegted(,to be insensitive to the differential performance
of the exarunee groupsﬁnd con51stently 1dent1fy 1ten aberra.ice as m:.m.mal.

The second ﬁrulture group, representatlve of the population for Whlch

the SAT was des{gned, was ccmposed of 1,607 exammees fram a large west coast

public schoolQéystem Thls scores on the SAT for thls hearing group.were

bm'odally dlsf.rlbuted with mdes at 16 and 44, and mean of 28.9 and 12.44.

. A}

1 One major difference between these two culture groups is thelr exposure
to, and their ab111ty to use, the English language \see Stoke, . 1976 for an

ot excellemt dlscussmn on the social and cultural éharacterlstlcs of the

hearlng J.mpalred) .\ Thus, aside from cultural dlfferences, the two groups of

. Y* examiriees g;:eatly dlffered in the:.r mean level of ablhty as measured by total
.~ score on the SAT. \ : ’ . ’ . )
. - . ) \ *
Procedures . \ s ; 5,
The degree of blas for ec..ch ;.tem w1thJ.r1 th‘e SAT was 1dent1f1ed by applymg

a select approach within the transformed 1tem difficulties, 1cc theory, factor
\
score and chJ.-square categories to item respofnses made by (l) the two dlverse
A cultare group samples, and (2) two equal. culture group samples. .

Each item blas detectlon approacn was applled to 1tem .responses made by
these culture group pairs in the followmg manner: °©

.transfomed item dlfflcult.les — Two séts of 1te;1 p-values were canput,:’ed‘

. . for:each culture group pair and transformed to within growp noimal deviates,
From the bivariate scatterplot of the sets of transformed p-values, the. abso-
lute values of the magnitudes of the item remduals, i,e. the item-45 degree

. line dlstances, were camputed. (l‘l'us residual magnitude served to mda.cate the

\
relative amounts of item bias. . -

- ' icc theory — Two sets of i _tan icc parameters as defined by Birnbaum's -

three parameter 1igistic model WEre estmated for each of the SAT items by




LY

-
]

. - ot ’ q M
separately apply:mg the Urry (1975) 1terat1ve minimium chl-square pro::gdure

to the item responses of each of the two culture gmups The parameter -

T en e * b

value estimates were then equated by computifig the between group lmear -
regressions for the dlfflculty and discrimination para:reters. The areas
) I/ . — .t Y

' between estimated equated icc's, as approximaied by: ' R v .

. Ts.000 : S ey e

.’- . 6. = I [I\P(‘?g=1\i_°i?_x;' p"(ug=1.le‘)‘?..) |1 AG‘)‘i /

-

L 9 -s.000 *

where P(Ug-llo ) fand P* (u -1|0;) define the estimated =~ %
o equated icc's ' | Y > l' g T
N and 40; = .005 - e
. \ v v T . * V,‘
servedtomdlcatetheextentofltenaberrance.* ) : )

factor Score — The item responses on the SAT made by -the two culture

groups within each pair were canb:md ..nd inter~item product-xrment cornelatlons

¢
ccnputed The resultant matrJ.x wag then reduced usv"! prmclpal ccnponent

‘factor analysis w:.th an elgenvalue cnterlon of..1.0. - The factor matrix was
rotated orthogonally (var:max) te simple structure’ and. factor scores - -for each o 3

%, X

exanu.me on each factor computed. Separate t-tests were conputed uSm:, each
\ set of factor scores as dependent vanables ana group menbershlp as the mde-

?

pendmt variable. Factors for whith there were\51gniflcant (p<001)." dlfferences

A\,
between mean culture group factor scores were classified'as biased. 'I’he

magnitude of the factor loading (A g:‘) on such factors served as md:.cators of

the nagmtude of item bias. was then def:med as. the maximum item factor

¢g ‘

loading on factors cl§51f1ed as blased That is, '_. ‘\, e ,' ©

¢g max[;\]- 3-1,2,3...nmrberofb1asedfactors . .

chl-:zgg -- Each item was tested mdlvudually for bias’ usmg a nochfled

N
. .
, » -

T U
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chi-square techruque with i = 2 culture groups and j = 5 total score inte,rvals.
By th1s approach, the expected values for each oell (E ) were obtained by
reo. ,. multJ.plylng (1) th,e preportion of all examinees w1th total scores within inter-

val j respondmg correctly to the 1tem by (2) the number of examinees within~

*
. the cell: That 1s, o - . '
' o ’ : C . ~
oo . Bij —N"‘} N, ] i=1,2 j=172,3,4,5 -
* where 0.. is the nuber ‘of examihdes in total “score mterval
j respondJ.ng correctly '
". s | N.j is the total nurber of éxarninees in'inte‘rval j o .

szsthetotalnmberofexammeesmGrouplandsoore .
- <o score interval j. . . . o

PR . 1, " R
v'As w1th a conventlonal chl-square observed cell values were s1mp1y the number k

of exammees w1th1n the oell respondlng correctly to the item. For each item,

i

the magmtude of aberrance was 1nd1cated (1) by the value of the resultant
X2 and (2) by one minus the pmbablllty assoclated with the x2.

-~ t

Statlstlcal Analgsis . '; ‘ - o, S

Statlstlcal and graphlc analys1s were cdnducted to obtam. a global

perspectlve of the- smularltles and dlffere:fces among the methodologles. "~ The

N

-

follow:.ng analyses were enployed~ -

&

“ ] - 1. The relative amount of snnllarlty between pairs of approaches as

~
determmed ‘@respectwe Pearson Product-Nk:ment correlatlégs. ) .
. a- . ',
. 2. The 1dent.1f1ed degrees of bias were cbnpared» 1tem by item, by
\ .

examJ.nmg graphs in WhICh items are represented on the absc1ssa and® degree

of 1ten bias on the, ord:Lnate. . : =




» \ i .
e - 4 ’
Ny for the diverse culture group comparlson are glven in Table 1. In the ICC \

S

approach, two 1tems, 21 and 44, oould not be parametenzed because of near
Zexro’ 1tan-test-oorrelatlons, ‘and henbe could not be evaluated. Seven factors

with eigenvalues exoeeding unity were extracted by the principal camponents /

‘ analysls and rotated orthogonally. Significant differenoes (p<.001) between

/
the mean factor score for the two culture groups were: found for six factors.

Table 1 shows the maximm factor loading for each item on one of these six -

fa‘ctors.,,‘ql‘he values for'the, Transformed Item Difficulties ranged from .04 to

1.25. "

»
L)

©oe . . i InsertTableiabsuthere o

-

| Because of the d.1ss1mJ.lar total soore dlstrlbutlons, a problem was

{
encountered in applymg the chi-square 'approach, ° InJ.tJ.ally, f1ve observed

. score mtervals’were defined for each 1tem according to the number of examinees . -,
‘ .in the heaf‘:mg sample that responded correctly to the item. This resulted in .
highly dlsproportlonate numbers of hearlng impaired examinees in each mterval. ]

-Also, defmmg intervals based on the item response dlstrlbutlons of the e
hearmg ilpaired examinees resulted in hlghly dlspmportlonate nurbers of hearing | \
exaninees- in each interval. A compromlse was achleved—by averaging the pro-
portions of examinees, responding/ correctly to the 1tem of each obsérved score i
levels across groups, and using four mtervals instead of five. N T
- In addition to usmg the X2 value tp indicate the relative amount of
- - y‘rranoe, one minus the probablllty assoc1ated with the chi~square was used.
Y - B

Both indices are included in Table 1. The use of the probability value as ’

an J.ndex 1dent1f1ed 56 percent of the items in the SAT as substantJally aberrant

‘at (1-p)> (1-.001). . ) ' T .
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- ‘ Insert ‘I‘abie 2 about here
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The correlations between the mdices of aberrance for each method ;m
\ the diverse culture group comparisons are given in Table 2. . The chi-square -
| . ICC (.67) and the chi~square - transformed item difficulties (.59) oorrelations

were Sigmficant at p<.01. \Al1l correlations involvmg the chi-square and

transformed item difficulties approaches were Significa.nt indicating sone degree ’

of sunilarity between each of these approaches and the other models. The“
g « _ factor score and chi-square~ (l—p) approaches showed the -lowest degree of ,
| ‘s:unilarity with the other approaches.‘ The average con:elation of each’ of these

L :w1th the other approaches was .29 and <25, respectively, while the average

— e e e T

caorre1 ation w1th other approaches for the chi-square (XZ) , transformed item
_ difficulties, and ICC approaches were .48, .37, and .36, respecti\;ely. '

< -

Equal-culture Group Comparison ’
The indices Gf aberrance for‘ the item responses in the equal-culture
. N -3 .

« group comparisons for each approach are gi\;en in Tab];e 3.  The transformed
item difficulties correlated highly (r = .98) and all the perpendicular item
nalt; axis line distances were mimmal The maximum distarrce was ‘28. No
.items would appear to be identified as biased by this 5approach. .

In the icc dpproach, again items 21 and 44 ‘did not fit the mddel -and
"+ “could not be evaluated. Items 28 and 39 showed ‘the most aberrance with values
of .51 and .74, r'especti\-;ely. Both of these items showed lelsfs aberrance in

the diverse culture group comparisons indicating possible misclassification

by this approach. -

Insert Table 3 about here .
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Fourteen factors with eigenvalues exceedJ.ng unlty were extracted by the

prmc1pal oanponents analysrs and rotated orthogonally. Significant dlfferences
(p<. 001) between the mean factor scores for the two equal-culture groups were .

found for three factors’. The maxmmm factor load.mg for items on these three

7 °

. factors ranged between .06 and .72. This range 1s about the same as the
. range noted in the diverse culture group oompansons.
Using the, ch:.-square approach, f1ve total score intervals were defined
I based on the average propgrtlons of examinees responding oorrectly. The. bhl--
square values obtained wére con51derably smaller than the values obtalned in -

o

. " the dl\(erse culture group comparisons, and no items woula have been classified

asaberrantatthe OSleve ‘ CT .-

- - e
“ . - .
% N N - {
> . o . -

Insert Figure 3 about here - e

- "Figure 3 gives a plot of the aberrance indioes for each 1tem for each
. approach in the diverse culture groulpﬂoarparison and the equal-culture group
‘ comparison. It is apparent from Figure 3 that for each approach .the variance
of aberranoe in the 'equal—chlture'group oogtbarison is less than the .diverse

-

culture group comparison. In the eugal-culture group. oqnparisons, both the

t

\ .
factor score approach and the chi-square (1~p) approach appear to have an .
uwdesirable amount of variation. N

DISCUSSION | ;

. . . .
. N ’ i '

‘The fliverse culture group comparison illustrated the approaches as they

might be applied in actual test devélopment. Large nunbers of exanfinees from

two dlfferent populations responded to a pool of items pu/rported”to n'\easure
~ the same ability - reading comprehension. Each approach identified a degree
_of ltemgoerranoe for each item. The results show that there was some agreement
v in temms of the identified degrees of aberrance betwen (1) the transormed

1o




item difficulties and chi—square '(magnitude) approaches and (2) the icc theory
- and chi-square (magnitude) approaches, although the agreement was not ovexr-

whelmmg (r=.59and r = .67, respect:.velY) Orne mjnus the probabllltles e

assomated with the x2's and the factor score approach showed llttle agreement

hd .

. w1th any of the’ other methodologles. ) i .
o M z - - cy
. . Whether the identlfl.ed degrees of aberranoe are in agreement has llttle . ¢

dlrect meaning in test developnent. A mre pertment questlon is: Do the
approaches lead to the same deplsmns with regard to whlch 1tems to cla551fy

as "ver;y blased"” If the' ansvier were in the affirmative, the most appealmg o

L

approach would be the s:.mplest one. Tabie 4 1llust.rates Wthh 1tems would
o - .
be classified as "very blased" by the ice theory, transformed item dlfflcultles

and chi-square (magm.tude) approaches under the followmg decision ru.le5° -

(a) icc theory - area > .50 ° “ .

-« - (b) transformed item’ difficulties - dlstanoe >.60° - ‘ -
T e chisquare (nagmtude)-x2>650 . ° '
These declslon rules were determned by 1dent1fy1ng, fmm Figure 3 cut—pomts .
whlchf’appear to define outliers. Since the variances of the 1dent1f1ed degrees .
. of aberrance for factor score and ch:.-—square (probabilistic) approaches

were snall, any’ reasonable cut-po:.nt would have resulted in large numbers of

1

items bemg classified as "very biased" thus these approaches are not indluded

in the table. ‘

~

Insert Table 4 éaout here Ao .
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From Table 4, it is apparent that'the approaches, under these T
dec:Lsmn rules ' wonld have oamonly identified items 16, l7, and 22 as "very
blased. Two appnoaches would have 1dent1f1ed items 4, 15, 18, 26, 27, 30

» t
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anci 45 as b?aing biased. Items 8, 23, 24, 25, 29, 44 and 47, however, were L

identified by only one approach. More conservative or more llberal decision
0, rules would still have resulted in different sets ot items be;ng identified.
‘ Since there is "sane gisagreement among the approaches, the results.of
°the equal-cul ture group comparison warrant closer e)canﬁxlation. The two ¢
groups of exauﬁnees in this camparison were from the same well-defined pgpu-
\lat::.on, namely, students w:.th a hearing loss suff1c1ent enough to warrant a
" special educatlonal program As such, ftem bids between these two groups

-

\ is by definition mmmal, and the expected amunts of aberrance 1dent1‘.f1ed for -

’ \eachltembyeachapproachlsassuredtobezero - i ' \
' \\ Of the approaches, only the transformed 1tem dlfflcultles approach fully -
, met thls criterion. The 1dent1f1ed deg'rees of aberrance from th:Ls approach o .
were small, and by any reasonable decision rule, no items would have béen”
. "cla 1f1ed asffblased Thus, the model behaved as expected The 1dent1f1ed .
" degrees!of 1tem aberrance as, mdlcated by the 1cc theory approach were also
,3‘ *  minimal. m»rever, two items could not 'be evaluated and two. items would have
| been identified as having fair amounts ot aberranoe wnder a liberal decision

g

rule. o ‘ \ - R
| The 1cc theory approach unexpectedly identified items- 28 and’39 as con-
taining’ falr amounts of bias. A closer efamination of these 1}:ems reveals that
S o their latent trait item difficulty parameters were extreme fotr the second s
“ | g:noup of exam:.nees, namely 2. 77 and 3.91 respectlvely.i Th’ls can be.loosely
mterpreted as rneam.ng that, 1gnorJ.ng guessmg, an examinee's ab111ty must be
.2.77 (3.91) standard deviations above the group mean ab}lltx to have a °better
than average chance,of responding correctly. | Since relatively few examinees

were of this ability level, parameterization became tenuous and the slight

: ) aberrance in these items is probably due, to dbnormally high parameterization
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error.‘ Thus, this approech is liable to yield spuiious results when item.
‘difficulty is extbemely high or low., It should be noted that the nuber ‘of
items in the SAT is really insufficient’ for a proper evaluation of the icc
ap’pr“oachl Frc\:m a Monte Carlo investigation of ‘the Urry paraneterizatjfon
prooedure, dt and Gugel’ (1975) have recamended that a nummum of 60 items
*and. l 000 5::11:9 be used to obtain accuxate paraneter estimates. Since the
~ SAT contams ong.y 45 1tems, the parameter value estimates m\ay have contained
“ .more_ than the usual amounts of error, \' St
e . ' Items 21 and 44 had extremely low item-test ‘poi.nt biserial\ ,,rx:e%ations,
which implied that ability w;s poorly related to the p'roﬁability of a co'rfect
response Such items cannot fit the Blrnbaun model and- hence cannot be eval-
uated for b1as w1th the icc theory approach. Although such items are usually_

the first .to be elJ.mmated in test development, the fact that these items
cannot be evaluated 1llust.rates a weakness in the approach.

s

The chl—s/,quare approach in the equal-culture group conmparison produced
- wide fluctuations in the probabilities assocuated w?i.th the X2's used to test

the null hypothe51s of no bias. However at p<.05, [(l—p)>.95], no items were
&,
suspected as bemg blased Thus, although 56 ‘percent of tﬁe 1tems

-~

. were ldentlfled as biased in the dlverse-culture group ccmparlson, in terms -
‘ ) of the equal-culture group carpens_pn, \ e chi-square approach appeared to be )
sufficient when either probabllltles or gmtudes were employed. o |
The factor score _approach 1dent1f1es aberrart items as those having a
major loading on a factor which yields: unequal mean factor scores. In the °
) equal-culture group ccnparlson, three sets of mean factor scores were identifiefl
as unequal at conservative values (p<.001). The rr\lz\a.}unun loadings of many items
on these factors were hJ.gh, _several being higher than the maximum loadJ.ng in

the diverse culture group oonpanson. -The approacn, as applled to the data

e — ~.

-
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the awroaches in the identified degrees of aberrance in both the dlverse-

'culture group and equal-culture group comparisons.. Of the methodologies,

attractJ.ve -

‘major lcadmgs in the equal-culture group conparlson.

_ L X 18

in this study, produced unsatisfactory results in the egual-culture group C.
A _ .

canparlson. ‘ . (
The above dlscusslon has pomted out that there were differences between

the transformed item difficulties and icc theory approaches appear most . “
In the diverse-culture group comparison several items were 1den-
tified as biased, and in the equa.l-culture group canparlscn, the 1dent1fled
degrees of aberrance were minimal. The factor score approach did not 1dent1fy
much variance in item b1as in the dlverse—culture group canparlson and y1e1ded -
 oon Using’ a conservatlve A \ :\ '
probablllty level (p<. do1) the clu-square approach’ 1dent1f1ed 56 percent of
the 1ters as blased in the d:Lverse culture group canparlson and y1e1ded w1de
fluctuat.lcns in the amount of aberrance "in the equal-culture group comparrsons.

These, later two approaches - the chi-square approach and the factor

- same observed score interval \and of dlfferent cqultural classlflcatlons. The ,

. /
, appropriate. The sanple values are such that they cian be considered

- the dlstances of the t.ransformed item difficulties approach and the areas of

square approach --both mcorporate 51gn1f1cance testmg of large atrounts .of
data ‘The chi-square approach exammes the hypothesm that the proportlons
of examlnees respondmg correctly are 1dent1cal across individuals in the
factor score approach mcorporates the hypothe51s that the group .mean factor
scores are identical across the defined culture groups on each factor. 1th
saxrples as large as that used in this study, hypothesls testing may not’'be

population values and small differences are stattstically significant. -

In the dJ.verse—culture group conpa.rlson, the X2 values correlated ‘with _

the 1cc‘theory approach. }bwever, their magnitudes were extreme. It should

~ ~ ~
1 s ?
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“group compar:ison, the distributions were not as differeént and the X2 values -

' Vvalues (and consequently the X2 values) is 1llustrated by the hypotheticdl

be noted that in the diverse cuZLture group comparison, the total score distri-

butions of the examinee sanplee were quite divergent. - In the equal-culture

¥

were substantially less.

The cl'xi—equare approach analyzes the ‘item response data m terms of
observed score intervals. The cbserved value for an interval and culture
group is s:mply the number of exammees in the J.nterval and culture group

respondmg correctly to the item. The expected vafue for a culture group and
/

‘interval is the product of proportJ.on of all examinees in the interval respond-
‘ing correctly to the item and the nmber of examinees in the culture group and
m the mterval Thus, the expected value will be mfluenced by the culture

group w:Lth the ‘grreater- nuftber. of examinees in the mterval when the observed
score dlstrlbutlons are different. Since the 1tem mterVal deflnltlons are
often sinilar, this will result in a nedr systematic inflation of the Az

values. .

o
-

14
T ] X
" Insert Table 5 about here "

An example of how total score da.strlbutlons affect the expected interval

.“
¢

item response data shown in Table 5. Here, the total observed score distri-

_ butions are quite different. Grouwp 1 has more than five times as many. examinees

in the interval as does Group 2. Fu.rthez\:, the total numher of examinees at
each total score level within the J_nterval decreases ds total score increases
for Gmup 1 and iricreases for Group 2 Hovgever, the proportlons of .examinees
respond.mg correctly to the item at each total score lev:el ére ‘identical across

groups That is, the two groups perform 1dent1cally w:Lth.m the interval-and

the1r total score distributions are ‘dissimilar, If the approach were nd "“t"

&
"

' -2
) - .
- . (VI ) )
v ; e
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sensitive to total score distribution's, the cbserved and expected values for

A

each group would be identical.

“ .

However, the observed and expected values are:

-

‘ 136 + 31
for group 1, 0; = 136 and E, = 430 + 90 - 480 = 140 6,.and
T 136 + 31 . -
. for'group 2, 00 = 31 and E, = 480 + 90 * 90 = 26.4 ' .

-Even though the two groups performed 1dentrcally at each total score ,\

level, the observed and éxpected values are unequal and would have inflated

2

the X value. Had different dlstrJ.butJ.ons been enployed, dlfferent expected

values and a different x2 would have p'een-defmed. : [

The .ir_}flation of the X* values will be systematic when identical mter—
vals are used for each item. This systematic. inflation allows the ¥21g to be
used as a- relative index of bias. Even though the inflation was not perfectly
SYStEIBth,;the magnitudes of the xz's in the. diverse culture group comparison
correlated well with the areas of the icc theory appmach. Had the d:n.strlbu—

tJ.ons of the examinee groups "been identical, there would have been no d:.stor—

tJ.on of the x2's and 51gn1f1cance testmg would have been meanmgful.
el

‘Under

\

such mstances, one would e.xpect an even higher, corrblatlon.
' The factor score approach entails many decision points which will affect

the results. In this study, phi-correlations of the cambined data, principal

component anaiysis, "eigenilalues greater than 1.0, varimax rbtati’onf.gnd prob~ |
.abilities less tFIan 001 were ‘used, and the results appeared to be unsatis- '

factory. In the diverse culture: group canpanson 26 out of 48 1tens had a

axmum factor loadmg of .55 + 10 on a factor yleldmg mgﬁlflcantly dlf-

ferent mean factor scores, and the identified degrees»of aberrance in the

equal~-cultyre group comparisgon fluctuated widely with seveJ;al items being

' identified as being more aberrant than the most aberrant item in thé diverse-

. .
¢ -

-
~
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culture group couparlson. ' ' “
'I’he factor score approach attempts to identify itefs which most strongly
measure t its in which the groups differ mgnificantly. In lagge scale
‘ T investigatioris, groups are likely to differ- on ar:y measured trait in\?:’iudi.ng

the ohes inbe.rﬂed by the test publisher and those mﬁntentionally‘built into

'

ﬁe test. Thus,\a significant dlfference in the mean factor scores on the B
main test factor may be of 11ttle- mterest. Differences on other_ factuors ’
however, would md:.cate the presence of. 1tems which mapproprlately J.nfluenoe :
| group mean scores.’ In order‘to,*dentlfy these items, the underlying factors
Of the test must be well-defined and the major factar clearly identified.
‘ Pr:.nc:pal camponent analysm using elgenvalues greater than one and varimax

<\
rotation -does not appear to allow for this. Prmc1pal oarponalt analysis '

yields factors which are deflned by the data (as opposed to inferred), I
s uni'ty eigenvalue crlte.rla 5ioe,, not guarantee that the correct number’ of fao- ®
" ‘tors will be extracted and variflax rotation can obfuscate the major factor. .
A.different set of -factor analytic, procedures might have yielded more equi-
table results. : g -
It should be noted that the factor score appmach incorporates a defini-
*tJ.on of item bJ.as which is substantially d:.fferent than the other approaches. ‘
The approach seeks- to identify items which neasure a trait other than chat
neaaured by theremimmg items of. the test (by factor analyzing the cambined
~ data) and heavily contribute to differential performance (by‘ oont.'"cibrf.ting to'
differential mean factor scores) . Generlcally, the other approaches are
LT ooncerne& with! which items measure d:.f\ferent tra:.ts across groups and opera-
tionally with which items behave dlffe.rently across groups. 'Iha;s distinction
is not as subtle as it may appear. The \othe.r approaches are incapable of ¢
- identifying 1t§rs which measure a trait other than that gauged by the other

4




y items when the groups perform eqmtable. . £«
The t.ransfomed item difficulties a.nd the icc theo;y approach&e ‘also

inoorporate d:u:ferent operational definitions of bias. The transformed item
difficulties approach identifies items which, relative to the other items in

of a'm'ther group of examinees. The icc theory approach identifies items for
‘ which examneas of the same true ability and fram dlffe.rent population gmups i
have unequal probab:.llt.ms of a correct response. 'mus, the transformed item
dlfflcultaes approach addresses aggregate gmup performance as :mchcated by -
‘ 1tem p-values and the icc theory approach addresses the range of item perfor-
, mance along the abuh\ty continuum as mdlacted.by item charactenst;c curves, '
**?’:' The difference bemeei'l these. two apprdacl\'es is-illustrated by items 25
) and%l7 (in Figure-4). 1In the diverse culture group comparison, item 25 was
identified as biased by the icc theory approach ahd not by the transformed
iten dlfflcult.les approach. The querall difficulty of the iten for the two
dn.verse-culture groups about equal Consequently, the item was not 1dent.1f1ed
by the’ transfonned item dlfflcultles anpmach. However, low ability hearmg
impaired examinees and high ab:.hty hearing examinees are favored. . 'I’nat is,
when cons:Ldered across ab:.lJ.ty levels the item behaved d:.fferently bet:»een
groups. Item 17, which was/:Ldent.lfJ.ed by both approaches, does not show thls
» type of inverted dlfferentlal pexrformance. Across the ab111ty oontlmnm,

hearmg exammees are favored

¢

Insert Figure 4 about here

. . ‘ t
When camparing the transformed item difficulties and icc theory approaches
in terms of different decision rules, five items were commonly identified by

.the test, are more'difficult for members of one group than they a're for menbers

AN
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both approaches. All ‘five of these items were of this latter type - toninverted -
. differential performance ac_rdss the ability contifuum,  This further illustrates
that the transfotned :.tem c{iiffg‘.cultieg approach is sens:.tlve to‘.differe:wes in T~
_ mean oJ.ten difficulty while the icc theory approach apr::ears to-be sensitive to ‘
both mean itemrdiffi' ty.and to group performance along the, .continuum, However,
it should be noted that dlfferent defmltlons of item d:.ff:.culty, "and hence .
mean group performance, are employed. .'lhe‘tran’s‘fomed' item d1ff1cult1e§ ap~ N\ |
proach directly d_efmes item difficulty fru'x}-the aggregate data. 'Ihe 190 ‘. ' ‘
‘thieory approach infers item difficmllty:fran_:perfemance on the item alone. .. 1
Since these dif:ferent defilitions are ew;oyed, h:.fferent 1ters were identified
as being biased against a ‘group as a whole. ‘ o
_Conclusions® . | o . N

Based op the two applications, the factor score and chi-square: (1-p)
approache$ appeared to be inadequate for identifying biased items. The X2 .
valuesmth;chl-squareapproachweresmtobeomemflatedastotal
observed score dls:tnbutlons dlffer, thus makmg s:.gmf:.cance test‘ing inapprop-

a7

pr:ate 3nd leading to erroneous classﬁ.:.cat.lons of bias. The factor score

i

approach, whlch mcorporates a:samewhat dlfferent def:mtlon of blas, identi-

fied 1arge degrees of aberrance in the equal—culture group catparlson. It !

was felt that the decnslons used in factor’ analyzing the data led to the -
sdtisfactory results. It was further noted: that both of these app A
.enployed J.nference ‘testing which mav not be approprlate with the lar e\ sanple

- sizes used in thlS study. 7

"The transfonned item difficulties,

ry and chi-square (x2)-  ° .
‘ e;;proeches appeared to be most pramising. The identified degrees ot aber- )
| rance in the equal-culture group was con/sistentl)r 1o -for these approaches, .
although a liberal decision rule would have led to the false identification of '\
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one or, two items by the icc th?edzy approach. * The fa.rst tm approaches ldentl-

fiad seversl iteds in common in the dlverse Fulture group camparison.. Thes

major difference between these two methodologles is that the'icc theory - ‘

aoproach appears to be sensatlve to b:.as agamst both mdlv:.duals and groups 'g“’

of examinees’ and the transfomed 1tem dlfflcultles appmach appears tobe /-

) sensitive.to bias only against grwps When um.form mtervals are defmed, ./ /

. . the chi-square (xz) approach appears t_:q amta the' ice theog:y approach

. and the derived X2 values can be'used as ‘indices of relative bias.
Recommendations ' ‘

The mvestlgatlon utlhzed a single set of dlverse culture group-‘data
for wluch the 1teu pa.ramters were. mﬁmown a prlorl. wmle the.re was dub-
stantlal reason to suspeb{: the presencg_of same blased 1tans, the true ‘nunber -
of - bJ.ased 1tats, their amounts. of aber:rance and thelr 1tem mm\bers were un-
kaown. A similar study using smnﬂated data w1th knom naraneters may grove
revealing. Such a s"udy could also mvest:.gate the behavior of the approaches
under different numkers of biased items: . o .

' ' Oneofthenbrepmms@gardmtereswxgapproaclestothedetectlonof.'
biased items, the d:.stractor response analy51s (Veale and Foreran, *1975, 1976-
Maw, 1977), was not gva,luajted in this‘study - due to the lack of thq,approp-. C
_priate item response data. Rather than analyzing the mmbers.of. examinees -
responding correctly, this approach identifies diffe-rences' in distractor
Lesponse pattemns. Although the approach ircorpctates mference testing, it
may prove beneficial to the fLeld and should be considered in future investi- (

gations of item bias detection methodologies. . . -
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T o TABLE 1 ~ ..
, R, » o
Dégrees of Aberrance Identified by the Approaches

: in the Diverse~Culture -Group Comparison ©

&

Transformed -

.“Q

ITtem , 1¢C Chi * chi, '+ Factor
. Area Item . - Square Square - Score
. pifficulties (1-p) ( X2) )
—_— - -
1 .40 .24 " .98 519 -35 4
2 .07 - .31 *.999 . 33,1 +* .53
3. .29 »013 ., 7 <87 - " 8.5 .55
4 .75 .79 999 54.2. .45
5 .25, .21 .99 11,1 .61
6 .17 .18 .89 .62 .40
7 .15 .43 .99 1,9 .45°
8 .50 «54 .999 27,9 .46
.9 .27 .14 .99 12.6 .35
210 - o . .24 .y J46 « .99 . 1.1, .42
11 LT W34 .54 <999 42.8 .62
12 .37, .52 .999 43,6 60
13 2 W11 - .52 999 55.1° N52
i .16 .05 60 - 3,00 ° .28 |
15 " 25, .68 .999 105.4 ot .42
16 W57 1.11 .999 107.7 ¢ .61,
17 C.T6 1.25 .999 159.0 .65
18 .83 - .85 " .999 127.7 .26 |
19 .37 ° .23 04999 30.7 .30
20 . .16 .10 .99. /14,8 - .36
21 -\ - .44 . .99 ¢ 14.4 .56
22 30 .67 . .999 240.9 .52°
.23 .38 .67 .999 31.8 .23
24 .61 .51 .98 10.2 .53
25 1.01 .08 <999 49.5 57"
26 .38 <67 .999 94,8 ,T .60
27 .04 .76 .999 6542 .48
28 .32 .18 .96 8.2 .55
29 .29 .44 +999 6544 .34
30 .23 1.05 , 2999, . 122,3 _ .52
31 .13 .07 .999  26.0 .36
32 .19° .01 .65 . 4.2 .27
33 .14 .15 .99 13.7 , .4n
34 .15 .05 .96 8.2 - W17 o
35 .14 .66 .999 17.7 /33
36 .09 .17 - .999 33.6 .22
37 +07 .32 .18 .9 126
38 .14 .43 2999 34.7 220
39 .23 .14 .99, 1551, .36
40 .08 .37 .999 23.4 .44
41 $27 .16 .60 2.8" fe51
42 .27 : .33 .60 2.9 .46
43 .07 .16 .999 ., 22,8 .46
: 44 - T .26 .999 133.2 .48
45 .55 .04’ .999 85.1 .49
46 .25 .16 .99 13.4 .51
.47 «60 .21 .88 6.1 .57
48 .34 .24 .999 33.1 .44
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- «Ggfreiations of the Degrees of Aberrance Identified - -
by the Aporoaches in the Diverse Culture Growp Comparison
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"7 g Transformed , Chi-Square Chi-Square  Factor
S © item difficulties = _- (X4). (1~p) score -
lcc theory ) RN T LA A7 o - .28
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difficulties < .59 .29 .30
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TABLE 3 - -

»

Degrees of Aberrance Identified by “the Approaches
in the Equal—Culture Group Comparlson

Item . I6C ' Transformed Chi- Chi- Factor
# .. Area Ite .. Square’ Square Score’
" Difficulties (1-p) (X2

- . ~ -

1 A2 . .02 .32 o 2,4 19
. 15 . .02 e 22 1.7, «07 ' '
3 010 |I6 005 05 ) 0'16 .
4 .06 .06 $32 2.4 .36 ¢
‘5 .08 .18 .01 % .07
6 .28 .14 .48 - 3.3 .06
7 024 0090 - 008 ‘09 026
8 019 003 ;01 A oz 002‘
9 ,e19 ¢ .08 «52 3.4, .32
10 .08 .02 s 28 2.1 <09
11 ’ 018 000 500'3 . 05 019
12 S & A .11 © -, 28 2.1 .14
13 e .04 . .13 _/f".‘f)]. 02 019
14 .21 .12 W12 1.2 $20 -
15 . .04 .07 .18 v 1.6 .26
16 «22 .03 .40 2.6 W13
17 .31 © W15, .48 3.3 «20
18 .26 ' .07 .08 o9 .57 -
19°. ° 632 .03 .68 © 4.8 .20
20 .24 .04 .15 1.4 .46
21 - b . ,.28l 068 * 4.7 11
) (22 - ” .17 i .05 - 440 - 2.6 .OQ
23 . .34 A4 . .06 e7 o .15
24 .19 .21 .09 : 1.0 .20
25 036 ¢ ;09 . 068 4.8 008 o
26 S | .01 ° .03 .6 17 . ’
27 .11 .02 . -.07 .8 .40 .
28 051‘ a\ .16s) 059 3.8 —‘0‘14
29 S & .09 «26 2.0 .40 .
30, .14 .14 u.53 3.7 - .19
31 " .09 \ .10 12 1.1 ¢ .14 .
32 .07 - . - .03 .31, 253 .24
33 .34 .12 .78 5.6 .25 i
34 .14 o o 13 <20 . 1.7, .72
35 o W12 21 s .. .73 ° 5.3 .70
36 022 .18 ¢ 407 o8 v, JT2°¢ C
- 37 .06 .15 . «26 7 2.1 - .63
38 023 " .09 / .48 3.3 <34
‘39 , «74 - .16 .88 7.6 .10
40 .38 .06 . i47s R . 332 «20
41 - .35 .14 .81 6.5 .08,
42 .. 37 - , .05 .52 3.5 .11
43 .29 .08 .12 . 71,2 S § | .
', 44 - .12 .31 2.3 .08 )
45 .34 206 .48 3.4 <48 \
46 .14 .10 .07 .8 .51 ’
47 " .32 007 ; 008 09 068 -
48 .26- .16 .68 4.8 43 7
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TABLE 4

Items classified as biased (***) by’
three approaches under select decison
rules in the diverse-culture group comparison

“

ITEM ICC
# THEORY -
1 - '
2 -
3 -
4 *kk
5 -
6 -
. 7 -
8 *k%
9 ° -
10 -
11 -
12 . -
" 13 -
14 -
) 15 -
16 * %%
17 **k %
18 *kk
19 -
20 - -
. ; 2 -
/o Ee 2% P
23 -
24 *k%
% 25 . *kk
: 26" . -
27 -
28 -
29 ‘ -
30 -
31 -
32 Y -
. 33 -
o 34 -
35 -
. 36 -
37 -
[] - \38 -
- - 40 . -
i‘ 41 -
X 42 -
< K 43 -
1 44 . -
45 ) Kk %
T 46 “ -
S 47 *kk
i 48 , - .

A tRANSFORMED' CHI-
ITEM ~ SQUARE
DIFFICULTIES (.X2)
*k K -
- ' - b
*kk * Ak
*k % * ko B
*k K * kK .
*kk -
: kK - f * k% °
’ kk % -
kkk k%
| kkk * kK .
- * kK
hkk . *kk
L 5 - ‘-
*kk -
- Akk °
- Y
- ¢ -
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- Table §. .

_ > Hypothetical Item Response.Distributions by Total
- . Score Levels,Within a Single Interval

N

AN

a) < = 0

»

( N in each ' N
N . . total score level. responding correctly

«d

L C ', Gropl Growp2 ,‘ Growl Grolp 2

¢
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